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LETTERS TO THE EDITOR 
The 
[BHef letters to the Editor that make specific ~ientific reference to papers pub- 
fished previously in T~m JOURNAL  O1~ GENI~RAL  PI~-~OLOOY are invited. Receipt 
of such letters  will  bc acknowledged, and those  containing pertinent  scientific 
comments and scientific  criticisms  will  be published.] 
Intracellular  Concentration 
and Activity of Sodium  in 
Giant Barnacle Muscle  Fibers 
Dear Sir: 
The existence of sodium binding or compartmentalization in single muscle fibers 
from giant barnacles was the basis for two recent letters in this Journal (McLaughlin, 
1968; Brinley, 1968 b). Evidence for sodium binding from this laboratory is criticized 
by Brinley (1968 a, see Discussion) because our analytic value for total internal sodium 
concentration is higher than values obtained in other laboratories (Hagiwara et al., 
1964; Beaugd and Sjodin,  1967; Brinley,  1968 a). These laboratories apparently ob- 
tained barnacles from Monterey Bay, Calif. (Pacific Biomarine Supply Co.), whereas 
our laboratory obtained barnacles from local waters. To determine whether this dis- 
crepancy is real, we analyzed fibers from California barnacles by our chemical and 
electrochemical methods. 
Before chemical analysis, single fibers were soaked for either 30 sec or 10 rain in an 
isotonic wash solution (655 mM sucrose, 25 mM Tris NOa, 20 mM Ca (NO3)~,  10 na~ 
Mg  (NO3)~).  The short wash should remove primarily surface ions while the long 
wash should remove all the extraceUular ions without depleting the intracellular ions 
(the  myoplasmic  sodium  activity did  not  change  significantly during  the  10  min 
wash).  Extracellular space was determined on companion fibers by a  chloride wash- 
out method (Gayton and Hinke,  1968).  In these barnacles the average extracellular 
space was 6.1% of fiber water. When corrected for extraceUular ion content, the 30 
sec washed fibers yielded results similar to those for the  10 rain washed fibers. The 
table  lists  these  results  (1)  together with  previous data from  this  (5,  6) and other 
(2--4)  laboratories.  The earliest paper  of McLaughlin  and Hinke  (1966) is not in- 
eluded because no account was taken of extraceUular space in that paper. 
Our values for sodium, potassium, and chloride concentration for fibers from Cali- 
fornia barnacles are in good agreement with those obtained by others using barnacles 
from the same source. Therefore our analytic techniques could not have introduced 
the discrepancy in sodium concentration between California and Vancouver barna- 
cles. This discrepancy must be real. 
The  variation  in  internal  sodium  concentration  could  be  due to differences in 
species, environment, age, or size. Brinley (1968 a) has shown that species variation is 
probably not an important factor. Short-term environmental differences can also be 
ruled out because the California barnacles maintained the same ionic content for up 
to 2 wk in our aerated seawater. 
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SUMMARY OF  INTERNAL  ION  CONTENT  OF 
SINGLE MUSCLE  FIBERS  FROM  GIA~I' BARNACLES 
(m~/kg intracellular water)* 
•  x96  9 
Barnacle iource  Wash method  Na  K  GI  Referencel 
1.  California  30  sec,  corrected for  ex-  21.8  160  36.0 
tracellular space  4-1.6~:  4-3  4-1 
34§  34  35 
10 min  24.5  161  -- 
4-2.6  4-3  -- 
11  11  -- 
2.  California  Unknown  22  168  35  Hagiwara et al., 1964 
3.  California  10 rain  22  162  --  Beaug~  and  Sjodin,  1967 
4,  California  Wash  curve,  extrapola-  271[  160  --  Brinley, 1968a 
tion to zero 
5.  Vancouver  30  sec,  corrected for  ex-  44  169  38  Footnote 1 
tracellular space 
6.  Vancouver  10 rain  38  175  --  McLaughlin  and  Hinke, 
1968 
* Water in extracellular space (6% of fiber water) not included. 
Standard error of the mean. 
§ Number  of fibers. 
I] Recalculated from Brinley (1968 a)  using a  water content of barnacle muscle fibers of 75% 
and a  correction of 6% for extracellular space. 
Changes in the barnacle with age warrant  consideration.  McLaughlin and  Hinke 
(1966)  observed a  wide variation in analyzable sodium and potassium in single fibers 
from different barnacles.  In addition,  they observed a  good linear relation between 
fiber sodium and  potassium content  (C~= --  0.78  CNa  =  constant).  They speculated 
that this wide variation in ion content might be due to variations in the fiber content 
of impermeable anions.  We  have  also  observed higher  sodium  and  potassium con- 
centrations in small fibers from younger barnacles. Consistent with this observation is 
the  fact  that  the  California barnacles  used  in  this  study yielded fibers which  were 
50-100 %  larger than our usual fibers from local barnacles. These observations suggest 
that fiber sodium and  potassium may decrease with the age of the  barnacle. 
We also measured the sodium and potassium activities in the myoplasm of the Cali- 
fornia barnacles with our sodium and potassium selective microelectrodes. The  aver- 
age  sodium  activity was  9.6  q-  0.1  mM  (17)  and  the  average  potassium  activity, 
124  -4-  3  m~  (15).  With the  activity coefficient of sea water,  0.65,  we calculate the 
free sodium and potassium concentrations in the myoplasm to be 15 mg and  191  mu/ 
kg water, respectively. Thus,  the California barnacles are qualitatively similar to our 
local barnacles in having a free sodium concentration which is lower than total sodium 
concentration  and  a  free potassium concentration  which  is higher  than  total potas- 
sium concentration.  This consistent finding has  been  the  basis for our postulating a 
fraction  of "bound  water"  which  excludes  potassium  and  a  fraction  of  bound  or 
1 Hinke, J. A. M.  1968. In Glass Microelectrodes. M. Lavall6e, O. F. Schanne,  and  N.  C.  H6bert, 
editors. John  Wiley and  Sons, Inc., New York.  P. 349. LETTERS  TO  THE  EDITOR  435 
"compartmentalized" sodium which is excluded from the free water.  Quantitatively, 
the  calculated bound fractions of fiber Na  +  and water  are lower here  than  in  our 
previous studies  (45 %  Na  + binding and  16 %  water  binding compared to 70-80 % 
and 20-35 %  as previously calculated).  These differences will be discussed further in 
a  subsequent paper. 
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